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ABSTRACT: Improving reactivity on an insulating surface is crucial due to their 
important applications in surface catalytic reactions. In this work, we carried out 
first-principles calculations to investigate the adsorption of O2 on a single-layer 
MgO(100) film deposited on metal substrate. The adsorption configurations, reaction 
pathways, molecular dynamics simulations, and electronic properties are reported. We 
reveal that O2 can completely dissociate on the surface, which is in sharp contrast to 
that on MgO(100) films thicker than one monolayer. The dissociated O2 tends to 
penetrate into the interfacial region, behaving like a switch to trigger subsequent 
chemical reactions. As an example, the interplay between water and the interfacial 
oxygen results in the formation of hydroxyl radicals. This study paves an avenue to 
accomplish the desired surface catalytic reactions, especially those involving oxygen.  
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■ INTRODUCTION 
The interaction of O2 with metal oxide surfaces has attracted extensive attention 
because of their important applications in chemical sensing, catalytic reaction, and 
photocatalysis.1,2 Understanding how to activate O2, especially to split oxygen 
molecules on metal oxide surfaces at the molecular level is of fundamental interests to 
uncover the catalytic oxidation reaction.3,4 Usually, molecular oxygen binds weakly 
on a stoichiometric metal oxide surface, while it can strongly interact with the reduced 
oxide surfaces in the presence of oxygen vacancies or cation interstitials by forming 
either superoxo (O2-)5 or peroxo (O22-)6 depending on the extent of charge transfer. 
MgO(100) is one of the typical insulating surfaces, and it is usually inactive in 
surface reactions. For the past few years, metal-supported ultrathin MgO films have 
been extensively studied7-14 due to their promising applications in surface chemistry 
and photocatalysis. The interaction between insulating oxide films with metal 
substrates may result in the enhancement of chemical reactivity.12-14 For instance, O2 
is predicted to be activated on an ultrathin MgO(100) film supported on Ag(100) with 
an adsorption energy of -0.82 eV.13 Subsequently, the formation of O2- radical on the 
Mo(100) supported MgO(100) ultrathin films is confirmed by electron paramagnetic 
resonance spectroscopy.14 The charge transfer due to the tunneling mechanism 
between O2 and the underlying substrate is responsible for the activation of O2.13 The 
activated O2 is an important intermediate in surface catalytic reactions.13-16 Usually, 
ultrathin MgO(100) films are prepared by deposition of Mg in the presence of oxygen, 
i.e., by oxidation of Mg.17 In this situation, extra oxygen atoms can accumulate at the 
MgO/Ag interface at high growth temperature.17-18 As the interfacial oxygen atoms 
spontaneously oxidize Ni nanoclusters18, they may also participate in many other 
chemical reactions. Therefore, it is very interesting to uncover the dissociation 
mechanism and to know how to accomplish the complete dissociation of O2 on 
MgO(100) surface. 
In this work, we have investigated the adsorption of O2 on one monolayer (ML) 
MgO(100) deposited on Ag(100) substrate using first-principles calculations. The 
results reveal that the adsorption behavior of O2 on 1 ML MgO(100)/Ag(100) is 
essentially different from that on thick (n2) MgO(100) films. The adsorbed O2 is 
energetically favorable to dissociate and tend to locate at interfacial region on 1 ML 
MgO(100)/Ag(100), while it is chemically adsorbed on thick (n2) MgO(100) films 
in the molecular form. We further demonstrate that the dissociation of O2 has potential 
applications in surface reactions. For instance, our results clearly show that water 
molecules split due to the interaction with the dissociated O atoms to form OH 
radicals, suggesting that 1 ML MgO(100)/Ag(100) surface plays an important role in 
surface catalytic reactions as a good catalyst. 
 
■ METHODS 
The first-principles calculations are performed using the Vienna Ab-initio Simulation 
Package (VASP).19-21 Projector augmented-wave (PAW) method22-24 and 
Perdew-Burke-Ernzerhof (PBE) exchange correlation functional25-26 are used. The 
energy cutoff is 450 eV, and each atom is relaxed until the Hellmann-Feynman force 
is less than 0.02 eV/Å. Neighboring slabs are separated by a vacuum of 12 Å to avoid 
image interactions. The (2×2×1) and (4×4×1) k-point samplings are employed for 
structural relaxations and electronic properties, respectively. The climbing image 
nudged elastic band (CI-NEB) method27 is used to investigate the reaction pathway 
and barriers. A p(4×4) slab of four Ag layers is adopted to mimic the substrate, which 
is found to be converged with respect to the number of layers. The Bader charge 
analysis28-29 is used to calculate the charge transfer. To study the dynamical behavior 
of O2 dissociation, we carry out ab initio molecular dynamics simulations.  
 
■ RESULTS AND DISCUSSION 
O2 can only physisorb on the stoichiometric MgO(100) surface, while O2 interacts 
strongly with MgO(100) ultrathin films deposited on Ag(100)13 or Mo(100)14 
substrates. For the adsorption of O2 on 1 ML MgO(100)/Ag(100) surface, two 
adsorption configurations are possible, as shown in Figures 1(a) and 1(b). In the 
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